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I.

INTRODUCTION AND HIS'fORICAL REVIEW

"An antibiotic is a chemical substance, produced by
microorganisms, which has the capacity to inhibit the growth
(of) and even to destroy bacteria and other microorganisms,
in dilute solutions" (Waksman, 1951).

This definition was

revised in October, 1962, by the Federal Food, Drug, and
Cos metic Act.

The legal definition states "the term 'anti-

biotic drug' means any drug intended for use by man containing any quantity of any chemical substance which is produced
by a microorganis m and which has th e capacity to inhibit or
des troy mi c roorga ni sms in dilute solution (including the
chemically synthesized equivalent of any such substance)."
Recently, th e trend has bee n to expand the definition to inelude antimicrobial s ubstances de ri ved from algae, mosses,
hi gher plants, and eve n animals.

The search for antibiotics

is based on the fact that living mi croorganisms may produce
s p ec ific compounds which are detrimental to other organisms
and hence , ma y be us ed in the prevention and c ur e of human
diseases.
Inten s ive efforts have been ma de to di scover new and
clinically useful antibiotics.

The search has concentrated

mainly on actinomycetes, such as Streptomyces s pp., and a
1

2
few fungi, since these two groups have, to dat e , been the
most productive in yielding clinically attractive a ntibiotics.
Unfortunately, not all antimicrobials are considered ideal.
Organisms become resi stant to antibiotics, and adverse reactions, such as allergy, occur in some persons.

These fac-

tors make it necessary to continue the search for new sources
of antibiotics that are effective against infections caused
by bacteria , fungi, viruses or pathogenic protozoa.
Hi gher plants are potential sources of new antibiotics.
In recent years increased screening of higher plants for in
~itr~

antimicrobial activity has occurred.

Several articles

have been published giving the r esults of plant screening
studies.

Osborn (1943) studied the activities of 2300 species

f rom 166 families against Staphylococcus a ur e us and
coli.

~scheric h~a

As a result, 63 genera were s hown to c ontain substances

which inhibited one or both test organisms.

Huddleston et al.

(1944) found 23 genera active against E. co li,
and Brucella abortus.

~·

aureus,

Sanders et al. (1945), working with

plants collected in Indiana, screened 270 species, 15 of which
displayed varied de g rees of bacterial inhibition agai nst
Bacillus subt ili s and E. coli .

Hay ea (1946) t est e d 231

species col l ected in Ohio agai nst § . aureus, E . co li, ErwiEia
caro~~vora,

and

EQY!~monas

tumefac i e ns.

Extracts from 46

species inhibited growt h of one or more of the t es t o r gani sms.
Atkinson (1946) screened 1200 Australian flowering plants
and found 50 species to h ave inh ibitory activity agai n st
S. a ureus a nd four agai n st Salmo n e lla typhi.

Carlson et al.
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(1948) found 115 of 550 species with activity against S.
a ureus a nd E. coli.

Sproston et al. (1948) used 73 Vermont

plants and found Impati e n s biflora as the mo s t active .
Bushne ll e t al. (195 0) found inhibition of My c obacterium
.EXQ_gen es ,

~·

coli, and Pseudomonas aer u gin osa by 42 of 101

Hawaii a n plants tested.

The sources li s t ed above d emo n s trat e d

that antibiosis is quite c ommon among high er plant s an d -emphasized the n ee d to look for u se ful chemotherapeutic agents
a mong these forms of life.
Any portion o f the plant may contain the active component
for antimicrobial activity.

The usual procedure for sc r ee ning

is first to t es t the extracts or juice s from t he intact plant
for activ it y, the n to t est the individual parts.

Heatley

(1944) r eport e d a n inhibitor of certain Gr am-positive a nd
Gram-negative b ac t e ria obtained f r om the buds a nd flower
petals of Crepis taraxacifolia.
Cavallito and

Bail ~y

Cavallito et a l. (1945) a nd

(194 6 ) fo und antibacterial act ivity in

the l eaves of Arcti um minu s , and the fresh l eaves and stems
of Asarum canadense var. r ef l e xum.
aga in st Gram-positive bacteria .

The extract wa s active

Crude plant juices (corn,

c u c umb e r, wild mustard, and cabbage ) were reported by Li tt le
a nd Grubau g h (1 946 ) to possess greate r inhibitory effect
against Ebe r thella typhosa , Salmo n e lla paratyph i
coli ( three Gram-n egative baci lli) than again s t
(a Gram-pos itive orga ni sm ).
highest act ivi ty agai n st

Spencer et al.

~ergi llu s

~'

Q.

and

~·

au r e us

(1 957) foun d the

_n i ge r in the l ower parts

o f the st e m and t he uppe r s egmen t s of the primary root of
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Vicia faba.

Chopra et al. (1957) reported the roots of

Alpinia galanga and Acarus calamus to yield oils which inhibit Mycobacterium tuberculosis and certain Gram-positive
bacteria.

Celayeta (1960) screened the stems of 18 species

of plants and found 16 active against Sphacelia segetum.
Bondarenko and Zelepukha (1962) tested various parts of
Frag ria vesca, F. grandiflora, and F. ananassa and reported
that the berries, leaves, flowers, and roots contained the
active substances.
Brunfelsia hopeana (Fam. Solanaceae) is an important
member of the Genus Brunfelsia.

The plant is native to South

America, the West Indies, and the Malayan Peninsula; where
tt is known by various common names suc h as manaca root,
jerataca, jeratacaca, gertaca, geracaca , camgaba, camgamba,
umburapuama, bloom of the Lent, Christmas bloom, Santa Maria,
Paraquay, jas mine, vegetable. mercury, white tree, and goodnight.

The more frequently used name manaca , originates from

an ancient tribe , which named
calledManaja.

the shrub after a love ly maiden

Among some South American Indian tribes several

species of Brunfelsia have been used as hallucinogenic drinks
or as additives to other hallucinogenic drinks.

All species

of Brunfelsia h ave been used in folk medicine to reduce fevers
and as antirheumatic agents.

The list of varied folklore

medicinal uses of B. hopeana includes; diuretic, antirheumatic,
e metic, cathartic, di aphore tic, antisyphilitic, against yellow
fever, snake bite, as febrifuge, purgative, arrow poison, in
skin an d mucous membr a ne i nfe ctions, and to induce abo rtion
(Iy e r, 1978).
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Anemopsis

californic~

(Fam. Saururaceae) is indige nous

to Mexico and extends north to California, New Mexico, southern
Utah, Nevada and eastern Colorado.

In California, A.

californica can be found in the lower Sacramento valley,
San Joaquin valley, south coast ranges and Inyo county, and
southern California.

The common names for this plant are

Yerba del Manza, Apache beads, and Va Visa.
folklore medicine include:

Reported uses in

antispasmodic, diuretic, anti-

rheuma tic, antiasthamatic, antimalarial, blood purifier, local
application to ulcers, cuts, and ma lignant sores, tr eatment
of colds, indigestion, dysentery and venereal diseases
(Tutupalli, 1975).
Heimia salicifolia (Fam. Lythraceae) is· found in the
tropical a nd subtrop ica l region s of South Ame rica and Mexico
as well as in Texas.
as:

The plant has various common n ames s uch

"quiebra arado " (plow-breaker) in Argentina, "he rva de

la vida" (h erb of life) in Brazil, a nd " s ini c uiche" (twiste d
foot ) i n Mexico.

"Sinicuiche" i s the most common name, and

refers to the use r's lack of coordinated movements after drinkin g the plant extract.

The drink is prepared by u si ng s lig htly

wilted leaves which are cru shed a nd soaked in water for a day.
The juice is th e n oxposed to the su n and allowed to ferment.
The result ing b e v erage is imbibed alone or with alcohol.

The

effec ts of in ges ting this comb in atio n include giddiness,
dark e ning of the surroundings and drowsine ss o r eup horia.

The

plant h as bee n used for its e metic, antisyphi litic, hemostatic ,
febrifug e , diuretic, laxative, vuln erary , s udorific tonic and

6

astringent properties (Kaplan, 1965).
These results suggest that antimicrobial substances are
present in one or more parts of higher plants and indicate
that plants contianing these substances are widely distributed in nature.
The purpose of this study was to investigate a possible
antimicrobial activity in the following plants:

Brunfelsia

hopeana, Anemopsis californica, and Heimia salicifolia
against Staphylococcus aureus, a Gram-positive coccus,
Escherichia coli, a Gram-negative fermenter, Pseudomonas
aeruginosa, a Gram-negative non- fermenter, and the yeast
Candida albicans .

I I.

MATERIALS

Test Organisms
The following organisms were used in t e sting the antimicrobial activity of the various plant materials.
A.

Staphylococcus aureus

ATCC 29523

B.

Escherichia coli

ATCC 25922

C.

Pseudomonas aeruginosa

ATCC 27853

D.

Candida a1bicans

ATCC 1023 1

Maintenanc~

Me dia .

Tryptic soy agar (TSA) s lants we re

use d to maintain the first three organisms .
of

_g.

a lbican~

Luxurious g:owth

required a higher dex tros e con tent, so Sabouraud

dextrose agar slants were used .
Inoculum Media .

The f i rst three organisms were transfe r-

red fr om TSA slants to 10 ml of tryptic s oy broth (TSB) and incubated at 37°C for 24 hours.

C. a lbican s was tran sfe rr e d from

Sabouraud d ext ro se agar slants to 10 ml of Sabouraud dextrose
broth and incubated at 2 5°C for 24 hours.
Test Me dia .
l .
and E. coli.
1

Agar Diffusion Met h o d.

TSA was u sed for S. aure us

P. ae ru ginosa did not g row anaerobically unle ss

Difco La boratori es , Inc . , Det roit, MI. 48201 .
7

8

nitrate was added to the media.
rate agar was chosen.

For this reason, tryptic nit-

Sabouraud dextrose agar was used for

C. albicans.
2.

Se rial Dilution Method.

the bacterial species

w~ile

TSB was used for tests with

Sabouraud de xtrose broth was used

for testing C. Albicans.
Plant Test Materials
The plant materials, under inves tigation for their
chemical composition and pharmacological activity, were obtained from Dr. Madhukar Chaubal, of the School of Pharmacy,
University of the Pacific.

Various extracts from these plants

as well as the pure compounds were inte nded to be used for
microbiological testing.
Plant Extracts andfor Fractions
l.

Brunfelsia hopeana

2

(See Figure l)

i) Extract B, F, P and Et
ii) Fractions IV, V, VI, X, XII , XIV, XV, and
Scopoletin
2

•

1\

.
. 3
ne mops1s
ca l.f
1 o rn1ca

i) Essential oil
ii) Methyl e ugenol

2

These extract s a nd compounds we r e prepared by Dr. R. P.
Iyer, Dr. L. V. Tutupalli, and Mr. John Byrne during their
phytopharmacologic investigations of t he r espective plants.
3

Ibi.d.
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3.

Heimia salifjcolia

4

(see Figure 2)

i) Chloroform extract
ii) Fractions WC and H-ll
Dilution of Plant Test Materials
Agar Diffusion Methods.

Each of the plant extracts was

dissolved, in most cases in methyl sufoxide (DMX0)
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and sterile

distilled water to obtain solutions of serial dilutions of

1000 ugfml to 5000 ugfml range as follows:
1000

u~:

100 mg of extract was dissolved in 5. ml of DMSO.
Three 0.25 ml aliquots were separately diluted
to 5 ml each with DMSO, sterile distilled water,
and 0.25% agar solution.

2000

u~:

100 mg of extract was dissolved in 2 ml of DMSO.
Two 0.2 ml aliquots were separately diluted to
5 ml each with DMSO and sterile distilled water.

3000

u~:

100 mg of extract was dissolved in 2 ml of DMSO.
Two 0.3 ml aliquots were separately diluted to
5 ml each with DMSO and st e rile distilled water.

4000 ug/ml:

100 mg of extract was dissolved in 2 ml of DMSO.
Two 0.4 ml aliquots were diluted separately to
5 ml each with DMSO and steri l e distilled water.

4 Ibid.
5
Coleman

Methyl Sulfoxide (DMSO), Spectroquality Matheson
& Bell, Los Angeles, CA.
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5000 ug/ml :

100 mg of extract was dissolved in 2 ml of DMSO.
Two 0.5 ml a.liquots were separately diluted to 5
ml each with DMSO and sterile distille d water.

Since the fractions we r e expected to be more concentrated
than the e xtracts their dilution were made in the following
manne r to yield solutions betwee n 1000 ugjml to 5000 ugjml.
1000 ug/ml:

10 mg of the fraction was dissolved in 2 ml. of .
DMSO; 1.0 ml aliquot was diluted to ml with
sterile distille d water.

2000 ug/ml:

10 mg of the fr a ction was dissolved in 0.2 ml
of DMSO; 0 . 2 ml aliquot was diluted to 5 ml with
steri l e distilled water.

3000 ug/ml:

10 mg of the fraction was dissolved in 2 ml of
DMSO; 0.3 ml aliquot was dilute d to 5 ml with
steri l e di sti lled water.

4000 _ug/ml:

10 mg of the fraction was di sso lve d in 2 ml of
DMSO; 0 .4 ml aliquot .was .diluted to 5 ml · ~ith
sterile dis tille d wate r.

5000 ug/ml:

10 mg of the fraction was dissolve d in 0.2 ml
of DMSO and d i lut e d to 2 ml with sterile di st illed
water.

Serial Dilution Method .

In order to obtain uniform dis -

tribu tio n of th e plant extr ac t in the aq ueo us t est media they
were s uspended in 0.2 5% a gar sol ution to obtain serial dilutions
of range 1000 u gj ml to 5000 ug /ml as follows:
1000 ug /m!:

100 mg of extract was di ssolve d in 5 ml of a
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0.25% agar so lution; 0.1 ml aliquots were a dde d

to 0 . 5 ml of the medium .
2000 u g jml:

100 mg of ext ract was dissolved in 5 ml of a
0;25% agar solution; 0.2 ml aliquots were added

to 0 . 5 ml of the medium.
3000 ugjml:

100 mg of extrac t was dissolved in 5 ml of a 0.25%

agar solution; 0.3 ml aliquots were added to 0.5
ml of the me dium.
4000 ug/ml :

100 mg of extract wad di ssolve d in 5 ml of a
0.25% agar so lution; 0.4 ml aliquots were added

to 0 . 5 ml of the solution .
50000 ug/ml:

100 mg of extract was dissolved in 5 ml of a 0.25%

agar so lutio n; 0 . 5 ml aliquots were added to 0 .5
ml of the me dium.

III .

METHODS

Preparation of Stock Cultures for Testing
Stock test cultures of the test organisms

~.

coli,

~.

aureus, and Ps. aeruginosa were prepared by growth in 10 ml
TSB while those of C. albicans were grown in 10 ml Sabouraud
dextrose broth.

The organisms were incubated at their respec-

tive temperatures for 24 hours or until a moderate turbidity
prevailed when the test tube was held in front of a card con- ·
taining a black line.
Agar Diffusion
The agars were prepar ed and dispensed in 10 ml ali_q uots
0

into test tubes (125

X

16 mm) and autoclaved at 121 C and 15

psi for 15 minut es .

Aft e r cooling to 45°C- 50°C, 0.5 ml of

stock cultures of the r espective organisms were pipetted into
each test tube; mi xed thoroughly, the n poured into p e tri dishes
(100 x 15 wm) .

Th e see de d petri di s h es were allowed to set for

an hour at r oom temperature a nd th e n placed in the r efrige rator (2-8°C) for an h o ur to hasten h ardeni ng .

F'ive 4 mm holes

we r e ma d e in the seeded agar a nd fill e d with t he plant ext racts
(2-3 drop s ) .

The prepar e d plates were incubated for 20 hours

at 37°C, with the exception of C. a lbi cans (25°C) and inhibition
zones, whe n prese nt, were meas ur e d and then averaged .
12

Positive

13
and n egative controls were as follows:

a) plates seeded with

organsims and their respective agar mediums; b) plates see d e d
with ·each organism and hol es fill e d with each solven t; and
c) an unseeded plate of each agar medium.
Serial Dilution
A comparison investigation was u se d simultaneoulsy to
eva luate whether diffusion was an inhibitory factor in the
agar di ff usion method.

The antimicrobial activity of all the

extracts was verified by the dilution method of Catalfamo
and Sc hultz (1966).
The study was carried out in small, st e rile, disposable
tubes (75 x 12 mm) con tainin g 0.5 ml of TSB fqr
~·

~·

aureus,

coli, and Ps. aeruginosa, and 0.5 ml Sabouraud d ex trose

broth for C. albicans .

The tubes were ' incubated by adding

0.05 ml of the resp ec tive c ulture.

Howeve r, before inocula-

tion with the microorganisms the extract was added to the tube
and allowe d to be uniformly distribut e d in the medium.

Con-

trols consisted of tubes containing microorganisms and medium,
an d bl a nks consisted of uninoculat ed med ium .

All tubes (tests,

controls, and blanks) were examin ed for t urbidit y (bacterial
growt h) after 24 hours in c ubati o n at 37°C (~. albicans at 25°C).
Afterwards, a sample of each tube was swabbed o nto a petri
dish co nt a inin g an agar medi um a nd incubated 24 hours as a
co nfirmat ion measure.

The results were recorded by comparison

with the growth on the control p l a te s (inoculated and unino c ulated agar me dium) .
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It was f o und th a t at hi g h e r conce ntr at i o n s ( 5 0, 000 ugjml)
th e e xtr ac t s we r e wat e r ins o lubl e which ma d e r ecording the results diffi c ult s ince a prec ipitat e f o rme d thro u g hout the
liquid me dium .

Th e r e for e, the mo difi e d procedur e of Cat a lfomo

and S c hultz (1 966) was u sed to di ssolve the ex tracts .

IV.

RESULTS

The antibiotic a c tivity of the plant extracts and fractions comparing the agar diffusion method and the serial
dilution method are shown in Tables 1 through 6.

Tables

1 through 4 are the re s ults for Brun fe lsia hopeana.

Extracts

B, P, and Et were in e ffectiv e against the growth of all organisms .

Extract F was effective against S.

range of -5000 ugjml to 3 000 ugjml.

~ureus

from a

The fraction F-XV was the

only active fraction f r o m e xtrac t F and inhibite d S. a ure us at
a range of 5000 ugjml to 2000 ugjml.

The s e rial dilution

method was not u sed b ecause not e nou g h plant f ractions were
available.
against

~·

It is assumed that there would h ave b een activity
a ureus due to the results of the agar dilution me thod.

Scopoletin (a pure compound) was only active at 5000 ugjml
aga in s t~·

albicans with the agar d iffu s ion me thod .

There

was no activity with the se rial dilution method.
The inhibitory effect of An 8 mopsis californica is s ummari zed in Ta ble 5.

The esse ntial oil and me th y l e u genol (a

pure comp oun d and ma in co n st itue nt of the oil) di sp l ayed no
inhibitio n agai n s t
me thod was us e d.

any of the organ isms when the agar diffus ion
Howe v e r, with the se rial diluti o n method

the esse ntial oil di s pl aye d activity

aga in st~·

au r eu~ ,

~·

~o li,

a nd C. albicans at concentrations of 5000 u g jml and 4000 u g fml.

15
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Methyl euge nol was active at 5000 ugjml against C. albicans.
Th e chloroform extract of Hei mia salicifolia (Table 6)
was active against S. aureus from range 5000 ugjml to 2000 ugjml
usin g both methods.

E. coli was inhibited by the extract in

the agar diffusion method at concentrations 5000 ugjml and 4000
ugjml.

In the serial dilution method H. sa licifolia inhibited

E. coli from 5000 ugjml to 1000 ugjml.

Due to the small quantity

of the test materials, the fractions WC and H-II were tested only
at 1000 ugjml against
inhibited§.. aureus

~·

aureus

and~·

and~·

coli.

Fraction H-III

coli; whereas, fraction WC was not

active at this concentration.
B . hopeana contained antibacterial agents effective against
only the Gram-positive organism.

~·

californica appeared to

have anti b acterial and antifungal activity.

H. salicifo lia

was effective against b ot h the Gram-positive an d Gram-negative
organisms.

V.

DISCUSSION

In view of the numerous interesting folklore medicinal
uses of Brunfelsia hopeana, Anemopsis . californica, and Heimia
sal icifoli a, an antimicrobial screening was undertaken.

How-

ever, any attempt to screen plant samples involves inherent
problems that must be taken into consideration when r esults
are interpreted.
The preliminary study has shown that these plants contain

antimicrobial agents.

However, the extracts were pre-

pared from various plant parts (roots, aerial parts, and
overground parts) a nd it is quite possible that different
plant tissues co uld have different biological activity when
compared with the effects of the whole plant s ince the act ive
principles can vary greatly as to their distribution, concentration, and potency withi n a plant .
Isolation and identification of the active principles
a r e often difficult and tedious .

It may involve a system of

many physiochemical proced ures (Tutupalli, 1975; Iyer, 1978)
which are beyond the scope of this study .

Such extraction

procedures (Figures 1 and 2) may require t he use of more
than one solvent since it is possible that the ' active' substances that are present can be extracted on l y by several
methods .

Therefore, the screenin g of plants for the presence
17
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of antibiotic substances would require the testing of ext racts
prepared by the use of more than one solvent (Carlson and
•
Douglas, 1947; Carlson et al., 1948).
The test concentration used is important.

Mitscher et al.

(1972) used concentrations of 1000 u gfml and 100 ugfml in
their antimicrobial screen .

However, _very weak antimicrobial

substances or those produced in very small quantity wou ld . not
be detected according to their procedure.

On this basis,

tests on plant extracts in this study were carried out at a
range of concentrations from 5000 ugfml to 1000 ugfml.

It was

hoped that the screen would be sensitive enough to detect ac tive principles that may be present in crude extracts at low
concentrations and the pure compounds showing greater activity
at the same concentrations.

Results for B. hopeana (Tables 1-4)

and H. salicifolia (Table 6) suggest this trend as shown. by zones
of inhibition.
False-negative results may be obtained in this antimicrobial screen.

Active compounds could be isolated from plant ex-

tracts even though the extracts themselves were shown to be devoid of activity.

A logical explanation would seem to be that

the active compound(s) was (were) present in insufficient
quantity in the crude extract to manifest any activity at the
concentration used.

If they were present in sufficient con-

centration then th e re must be an alternative e xplanation, such
as the possibility of antagonistic effects due to the heterogeneous character of phytoconstituents in the e xtracts evluated.
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The nature of the solvents us e d in preparation of the
test samples can also influence the interpretation of results.
Mitscher et al . (1972) dissolve d the plant extracts in water,
alcohol, acetone or dime thylsulfoxide (DMSO) b ecause preliminary studies showed no inhibition of the cultures with
these solvents .

However, irregular inhibition occurred with

DMSO in this study .

To

rule out this activity, the extracts

and fractions were also dissolved in steri l e distill e d water
and both sets of tests were run simultaneously .

The results

in Tables 1-6 refl ect the use of sterile distill e d water as the
solvent in preparation of the test samples for th e agar di ffusion method and a 0.25% agar solution for the serial dilution
method.
Another point to conside r in the interpretat ion of data
is the met hods used in antimicrobial screening.

In the agar

diffusion t e chnique num e rous factors are re s p o n s ible for variations in results obtaine d.

The most important probably

are

composition of the media, bacterial e n zymes, inoculum density,
quantity of extract u sed, size of agar wells, dif f u s ibility of
the constituents of the extract, and stabi lity unde r the conditions of the test.

In a ddition, dif £ u s ion test s a re influenced

by the growt h rate of the organisms and by th e typ e , d e pth a nd
concentrati o n of th e aga r u sed (Wicket a l . , 1974).
To discover whe the r diffusibili ty o f th e ext ract was a
significant factor, a broth se ri a l dilu t ion t ec hniqu e was used
for comparison.

However, some of th e f a ctors that contribute

to variations in the agar diffusi o n technique are also operative
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in dilution methods (Wicket al., 1974).

Therefo re, the small

tube modification of Catalfamo and Schultz (1966) was used.
Since a no- g rowth e ndpoint is used and determined by visual
inspection of small tubes this eliminated the task of measuring
zones of inhibition.

The effective n ess of most diffusion methods

is dependent on those factors which govern the ability of the
agent to diffuse both h orizontall y and ve rti cally throughout
the medium.

Through the us e of small tubes and thin layers of

me dia, the extent of horizontal and vertical diffusion has been
limited, thus rendering diffusion factors n egligible.

This is

shown in Table l, where the extract Et of B. hopeana di sp layed
activity against S. aureus and Ps. aeruginosa with the serial
dilution method; whereas, the agar di ffusion method indicated
no activity.

In Tab le 5

~·

californica display e d activity

only with the serial dilution method.
of

~·

The ch l oroform extract

sali ci folia (Table 6) did not display activity in the lower

concentration (3000 ugfml to 1000 ug/ml) with E. coli, but
the corresponding serial dilution indicates activity.

These

examples illustrate that diffusibility of the extract can be
an important factor in int e rpre ting data.
In th e small tube dilution methGd the ext racts formed a
precipitate at hi gher concentrations (50,000 ugjml) when
sterile distilled water was used as a solvent for the preparation
of test samp les.

Since DMSO possesses antimicrobial activity,

a modified procedure was u se d whereby the e xtra c ts and f ractions were s uspe nded in a 0.25% agar so lutio n.

This greatly

reduced the problem of dec iding whether or not turbidity was
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due to bacterial growth or precipitate.

In cases where a

slight precipitate prevailed upon addition of the suspension
to the test media, a swab sample is taken aft e r incubation and
inoculated onto a sterile agar plate, then incubated for 24
hours.

The res ul ts would reveal whether or not turbidity was

due to bacterial growth.
Many antimicrobial studi es have b een undertaken on species
of family Solanaceae of which ~· hopeana is a me mber (Hayes,

1947; Carlson et al., 1948; Sporston et al ., 1948; Gott s hall et
al., 1949; Bushnell et al . , 1950; Pates and Mads e n, 1955;
Farnsworth et al., 1966; Pitts et al., 1968; Beaman-Mbaya and
Muhammed, 1976; Saber, 1976).

These studies indicate that

the family Solanaceae is a good source for potential antimi crobial agents.
isolated from

Q.

In this study scopoletin, a pure compound
h o p ea ~a,

was screened.

Previous studies

indicate that this compound has antimicrobial activity .
Duquenois (1955) found that scopo letin inhibits Bruce lla at

1 :2000 - 1:2500.

Va syukova et al . (1970) discove r e d that this

compound displayed fungal toxi c ity and completely i n hibit e d the
growth of :Fusarium so l ani spores.

Ye t the re s ults of this

study as s hown in Table 1 show only p ar tial inhibition
against C. a lbican s at 5000 u gf ml.
r eveale d no activity .

Th e serial dilution method

Perhap s the microorgani sms us e d in

thi s study are resi stant to scopoletin.
The majo r constituent of the essential oil of A. califo rnica
is me thyl e u genol (Tutupalli, 1975).

This compound i s similar

in structure to thymol since they both have phenol as a b ase .
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Thymol is a di s infectant with fungicidal properties (Osol
et al., 1955) .

Th e refore one could assume that methyleugenol

would also possess antifungal activity.

Graczal and Zarandi

(1964) report ed that methyleugenol inhibits Gram-positive
bacterial at a 1:500 dilution.

The re s ults in Table 5 show

that methyleugenol is only active at 5000 ugjml against C.
albicans.

Since the essential oil is active against

~·

aureus,

E. coli, an d C . albicans a t 500 ugjml and 4000 u gjml, this
suggests the possibility that mor e than one compone nt may be
r espo nsible for the act ivity.
Jiu (1966)

screened~·

salicifolia against E. coli,

Bacillus s ubtilis, C. albicans, and Trichophyton mentagrophytes
and found no activity.

In comparison Table 6 · shows high activ-

ity against E. coli a nd S. aureus.

The discrepancy in results

could be due to t h e use of different solve nt s (20% aqueous
ethanol mixture compared with chloroform) for plant extraction.

VI.

SUMMARY

Extracts and fractions of Brunfelsia hopeana (Fam.
Solanaceae}Anemopsis californica (Fam. Saururaceae), and
Heimia salicifo lia (Fam. Lythraceae), obtained from the
r esearch laboratories of the Schoo l of Pharmacy at the
University of the Pacific, were evaluat e d in v itro for
ant imi c robial activity against Staphyloccus

~ureus,

Escherichia co li, Pseudomonas aer u g ino sa , and 9andida albicans.
It was s hown that
against S. aure us.

~·

hopeana possessed

antiba~te ri al

activity

Scopoletin, a pure compound i so l ate d

from B. popeana, showe d slight inhibition against

~·

a lbicans.

A. californica displayed antibacterial and a ntifungal activity.
Met h yle u geno l, the main constituent of
oil, inhibited C. a lbicans.

A. californica essential

H. salicifolia was effective

against both the Gr am-posit ive and Gr am- n egative organ isms.
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TABLE 1

Brunfelsia hopeana : ~esults of Inhibition Tests Using
Agar Diffusion and Broth Dilution Methods a t 5000 ug/ml

Agar Diffusion Method
Extract
or
Fraction

Concentration
(ug/ml)

B

5000

p

5000

Et

5000

F

5000

F - IV

5000

F - V

5000

F- VI

5000

Staphylococcus
au reus

C; 7. 0mm

-

F - XIII

5000

-

F - XIV

5000

-

F - XV

5GOO

F - X

5000

F- XI

5000

F - XII

5000

Scopoletin 5000
Legend:

C; 9.2mm

-

Serial Dilution Method

Escherichia
coli

Pseudomonas
aeruginosa

-

-

-

-

-

-

-

-

-

-

-

-

-

Candida
albicans

-

St aphylococcus
aureus

Escherichia
coli

Pseudomonas
aeruginosa

Candida
albicans

+

I

I

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

P; lO.Omm

-, no inhibition; +, inhibition; C, complete inhibition; P, partial inhibition; NT, extract or fraction not tested;
mm , average zone of inhibition .

~

.J'

TABLE 2
Brunfelsia hoEeana : Results of Inhibi tion Tests Using
Agar Diffusion and Br oth Dilution Me t hods a t 4000 ug/ml
Agar Diffusion Me t hod
Extract
or
Fraction

Concentration
(ug/ml)

B

4000

p

4000

Et

4000

F

4000

St aphylococcus
au reus

C; 7.0mm

F - IV

4000

-

F - V

4000

-

F - VI

4000

-

F - X

4000

-

F - XI

4000

-

F - XII

4000

-

F - XIII

4000

F - XIV

4000

F - XV

4000

Scopoletin

4000

Legend:

-

C; 8 . 2mm

Escherichia
coli

Serial Dilution Method

Pseudomonas
aeruginos<~.

-

-

-

-

-

-

-

-

Candida
albi cans

-

Staphylococcus
au reus

Escher i c hia
coli

Pseudomonas
aeruginosa

Candida
albicans

+

I

I

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

- , no inhibition; +, inhibition; C, complete inhibition; P, partial i nhibi tion ; NT , extract or fraction not t es t ed;
mm , aver age zone of inhibition.

·.

TABLE 3
Brunfelsia hopeana: Results of Inhibition Tests Using
Aga r Diffusion and Broth Dilution Methods at 3000 ug/ml

Extract
or
Fraction

Concentration
(ug/ml)

-

B

3000

p

3000

Et

3000

F

3000

Agar Difiusio" Method
StaphylococcUl;
au reus

Escherichia
coli

Pseudomonas
aerugi"os~

Serial Dilution Method
Candida
albicans

Staphylococcus
aureus

C; 9.2mm

Escherichia
coli

Pseudomonas
aeruginosa

Candida
albicans

+

F - IV

3000

NT

NT

NT

NT

F - V

3000

NT

NT

NT

NT

F - VI

3000

NT

NT

NT

NT

F- X

3000

NT

NT

NT

NT

r - XI

3000

NT

NT

NT

NT

F - XIII

3000

NT

NT

NT

NT

3000

NT

NT

NT

NT

NT

NT

NT

NT

F- XIV
F - XV

3000

Scopoletin

3000

Legend:

C; 5.2mm

-, no inhibition; +, inhibition; C, complete inhibition; P, partial inhibition ; NT , extract or fraction not tested;
mm, average zone of inhibition.

·.

TABLE 4
Brunfelsia hopeana: Rt!sults of Inhibition Tests Using
Agar Diffusion and nroth Dilution Methods at. 2000 ug/ml

Extract
or
Fraction

Concentration
(ug/ml)

--

B

2000

p

Et

2000
2000

F

2000

Agar Diffusion Method
Staphylococcu
au reus

Escherichia
coli

Serial Dilution Method

Pseudnmonas
aeruginosa

Canclida
albicans

Staphylococcus
aureus

Escherichia
coli "

Pseudomonas
aeruginosa

Candida
albicans

F- IV

2000

NT

NT

NT

NT

F- V

2000

NT

NT

NT

NT

F- VI

2000

NT

NT

NT

NT

F- XI

2000

NT

NT

NT

2000

NT

NT

NT

NT
NT

2000

NT

NT

NT

NT

F - XIV

2000

NT

NT

NT

NT

F - XV

2000

NT

NT

NT

NT

Scopoletin

2000

F- XII
f

-

XIII

Legend:

:

C; 8 . 0mm

-

-

-

-, no inhibition;+, inhibition; C, complete inhibition, P, , partial inhibition; NT, extract or fraction not
mm, average zone inhibition.

·.

test~d;

\

TABLE 5
Anemopsis californica: Results of Inhibition Tests Using
Agar Diffusion and Broth Dilution Me t hods From 5000 ug/ml to 1000 ug/ml

Extract
or
Fraction

Concentrat ion
(ug/ml)

E. oil

5000

Methyleugenol

5000

E. oil

4000

Methyleugenol

4000

Agar Diffusion Method
Staphyl ococcus
aureus

E. oil

3000

Methyleugenol

3000

Legend:

no inhibition;

Escherichia
coli

Pseudomonas
aeruginosa

Serial Dilution Method
Cand ida
a l bicans

Stap hylococcus
au reus
+

Escherichia
coli

+

Pseudomonas
acruginosa

Candida
albicans

+
+

+

+

+

+ , inhibition.

~

·.

TABLE 6
Heimia salificolia: Results of Inhibition Tests Using
Agar Diffusion and Broth Dilution ~:ethods From 5000 ug/ml to 3000 ug/ml

Extract
or
Fraction

Concentration
(ug/ml)

Agar Diffusion Method
Staphylococcus
au reus

Escherichia
coli

Serial Dilution Method

Pseudomonas
aeruginosa

Candida
albicans

Staphylococcus
au reus

Escherichia
coli

Pseudomonas
aeruginosa

Candida
albicans

NT
NT

NT
NT

Chloroform
Extract

5000

C; 8.0 mm

C; 8.0 mm

-

---

+

+

WC Fraction

5000

NT

NT

NT

NT

NT

NT

H-II Fraction

5000

NT

NT

NT

NT

NT

NT

Chloroform
Extract

4000

P; 8.0 mm

P; 7.0 mm

-

-

+

+

WC Fraction

4000

NT

NT

NT

NT

4000

NT

NT

NT

NT
NT

NT

!i-II Fraction

NT
NT

NT

NT

NT
NT

Chloroform
Extract

3000

P; 8.0 rr.m

-

-

-

+

+

WC Fraction

3000

NT

NT

NT

NT

NT

NT

NT

NT

!i-II Fraction

3000

NT

NT

NT

NT

NT

NT

NT

NT

2000

P; 8.0 mm

-

-

-

+

+

2000

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

-

+

-

-.

-

-

NT

NT

+

+

NT

NT

--

Chloroform
Extract
\~C

Fraction

H-II Fraction

2000

NT

NT

NT

NT

1000

-

-

-

-

- -Chloroform
Ext ract
WC Fraction

1000

NT

NT

NT

H-II Fraction

1000

NT

NT

NT

.

I

NT
I

NT

I

I

Legend:

-, no inhibition; +, inhibition; C, complete inhibition; P, partial inhibition; NT, extract or fraction not tested;
mm, average zone of inhibition.

30

Figure 1

Sche ma for Extraction of
Brunfels ia hopeana
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SCHEME 1
BH(lOOg)
MeOH(lOOOml)
Percolate
MeOH

MARC( C)

I

DRY EXTRACT(B)*
(3.lg)

SCHEME 2

SCHEME 3

BH(500g)

,

BH(l5Kg)

MeOH(4000ml)
Percolate
MeOH

v
..,_

MARC

1. Cone. 50ml
2. 2N HCL
3. ET ETHER (40°-600)
(2 x 150 ml)

AQUEOUS

PET ETHER*

DRY
EXTRACT( F)
(20g)
Column
Chromatography
Silica gel
C6 H -MeOH
6

'ETHER (2 x 150)

I

AQUEOUS

ETHER*

NH 3 , pH 10
2. CHC1 3 (4 x 250 ml)
l.

Cllr3
DRY EXTRACT(F)*
(0.85 g, 0.17%)

AQUEOUS

SCOPOLETIN*
(0.5g, 0.0033%)

FRACTIONS*
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Figure 2

Schema for Extraction of
Heimia salicifolia
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SCHEME 1

HS
MeOH
Percolate

MeOH (4000 g)
1.

MARC

2N HCL (500 ml)
DIETHYL ETHER

2.

AQUEOUS

DIETHYL ETiffiR
10
(6000 ml)

1.

NH3 , p H

2.

CHC1

3

CHC1 3

AQUEOUS

DRY EXTRACT* (150 g )

SCHEME 2
DRY EXTRACT (150 g )
Column
Chromatography
Alumina ge l (Neutral Activity I)
c6H6 - CHC1 3
ALKALOIDS*
(II-II a nd WC)
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